The recently published 16-component theory for a spin 1/2 field is examined. It is shown that this theory is equivalent to the Dirac theory in the absence of interaction. If the field is minimally coupled to ari electromagnetic field it can again be· reduced to a Dirac-like field with an additional Pauli term. This shows that this field provides a stable representation of the Poincare group. The possibility that this field may describe physical particles is also examined.
§I. Introduction
In a recent paper/> it was shown that if one looks for a first-order differential equation, describing a mass m spin t field, t11at is form-invariant under Lorentz transformations, irreducible, and derivable from a Lagrangian, then one does not uniquely obtain the Dirac equation. In fact, it was shown that an infinite hierachy of such equations is possible. The next simplest theory beyond the Dirac case was worked out and an explicit representation of the {3 matrices was given.
In this paper we examine the properties of this new 16~component spin t theory in the case of no interaction as well as in the presence of an external electromagnetic field. It turns out that this theory is very simply related to the Dirac equation. In the free-field case, the theories are in fact equivalent and the more complicated 16-component theory can be reduced to the Dirac theory via a relatively simple decomposition of the {3 algebra. If one applies the same algebraic decomposition in the presence of an external electromagnetic field, one again obtains a Dirac-like theory. with an additional Pauli term corresponding to an extra amount of magnetic moment of 3/2·e/2m. Thus, this theory is definitely not equivalent to the Dirac theory in the presence of minimal coupling. This illustrates explicitly, a point emphasized by Wightman 3 > that although two fieldtheories may be equivalent (transform able into each other) in the absence of interaction, they may be completely inequivalent in the presence of interaction. Another point that is brought out by this result is that the 16-component theory provides a stable 3 
The further requirement that the {3" be irreducible was also imposed. Finally, it was required that (1) be derivable from a Lagrangian. This was equivalent to requiring the existence of an hermitianizing matrix 7J such that
It was then shown that corresponding to every representation We also have r;=r;t=r;-1 • The constant C appearing m these equations is completely arbitrary except for the requirement that C be non-zero and finite. § 3. Equivalence to Dirac theory
We now consider the equation If we define and f} = aof3o -.P then another special case of (10) is
(11) (12)
With these preliminaries out of the way we can now perform a Peirce decomposition of the algebra of the /3's. We shall follow here a method similar to that of Heitler 3 l in the case of the Duffin-Kemmer equation. The basic idea is as follows. Equation (7) Since the 16-component charged field has a magnetic moment of (1 + 3/2)e/ 2m or 2.5 ej2m as compared to the Dirac value of 1· ej2m, it is clear that this field cannot describe the leptons, whose niagnetic moments are completely understood at present in the framework of Dirac quantum electrodynamics. No such objection exists in the case of baryons. In fact the observed value of 2.79 e/2m for the proton magnetic moment makes this suggestion very te.mpting. We now examine this possibility in the light of present knowledge.
There are two experimental sources of information for proton structure, the high energy electron-proton scattering experiments which yield form factors, and the hyperfine splitting of hydrogen in the g.round state which yields one number containing information about proton structure.
We discuss these two cases separately. It is not possible to discuss the anomalous magnetic moment of the proton without simultaneously discussing the neutron. Although much experimental data is available for electron-proton scattering, these data cannot be used for distinguishing between the two theories. The reason for this is that the only difference between the theories is in how much of the magnetic moment is to be ascribed to intrinsic and how much to anomalous. Thus here we are forced to consider theoretical calculations which predict the amount of anomalous moment. For reference we list the numbers to be compared : 
16-component nucleons (units of e/2m)
The theory of charge independence favours a value of/}.,= JfJ.,.J and hence the Dirac theory seems to be preferable. On the other hand, model calculations using pion-nucleon interactions'>-al have not displayed this symmetry in the form factors. In fact on the basis of these calculations, the 16-component theory may even be preferable. For example in the calculations by Frazer and Fulco they obtain a value of fJ., = 0.8 which differs by at least a factor of 2 from the value for a Dirac nucleon.
The hyperfine splitting hfs of hydrogen in the ground state also contains information about the proton structure. Until recently there was a discrepancy 7 > of some 45 parts per million between the theoretical and experimental value of this number. Recent measurements 8 > of efh using the a.c. Josephson effect in superconductors have yielded an improved value for the fine structure constant. With this new value, the discrepancy between theory and experiment is effectively removed. It might be hoped that this agreement may provide a means for rejecting the 16-component theory. However, the calculation of the hfs by Grotch and Y ennie 9 > shows that the proton may be treated by a non-relativistic approximation. Since in the non-relativistic limit the Dirac and 16-component theory (both with anomalous magnetic moment) are identical, it follows that with the presently available accuracy of computation the hfs cannot be used to discriminate between the two theories. § 6. Conclusions
We have shown that the 16-component spin t field is equivalent to a Dirac particle plus an anomalous moment of 3/2·e/2m. Comparing the two theories shows that as far as nucleons are concerned it is impossible to distinguish them at present. What seems to be required are better calculations of nucleon formfactors using either perturbation theory or unsubtracted dispersion relations, since it is unlikely that hfs computations can be pushed several orders further. At any rate such improved computations of hfs cannot be compared with experiment until a more precise value of the fine structure constant is obtained. So for the present, the 16-component theory must probably be considered more as a mathematical curiosity rather than a serious candidate for describing baryons.
